Background: Several studies have suggested that chronic inflammatory bowel disease may be a consequence of antigen specific recognition by appropriate T cells which expand and induce immunopathology. Aims: We wished to investigate whether autoreactive CD4 + T cells can initiate the disease on recognition of enterocyte specific antigens directly and if induction of mucosal tolerance occurs. Methods: Transgenic mice (VILLIN-HA) were generated that showed specific expression of haemagglutinin from influenza virus A exclusively in enterocytes of the intestinal epithelium. To investigate the impact of enterocyte specific haemagglutinin expression in an autoimmune environment, we mated VILLIN-HA mice with T cell receptor (TCR)-HA mice expressing an a/b-TCR, which recognises an MHC class II restricted epitope of haemagglutinin, and analysed the HA specific T cells for induction of autoimmunity or tolerance. Results: In VILLIN-HA6TCR-HA mice, incomplete central deletion of HA specific lymphocytes occurred. Peripheral HA specific lymphocytes showed an activated phenotype and increased infiltration into the intestinal mucosa, but not into other organs of double transgenic mice. Enterocyte specific lamina propria lymphocytes showed a dose dependent proliferative response on antigen stimulation whereas the proliferative capacity of intraepithelial lymphocytes was reduced. Mucosal lymphocytes from VILLIN-HA6TCR-HA mice secreted lower amounts of interferon c and interleukin (IL)-2 but higher levels of tumour necrosis factor a, monocyte chemoattractant protein 1, and IL-6. Mucosal immune reactions were accompanied by broad changes in the gene expression profile with expression of proinflammatory genes, but strikingly also a remarkable set of genes discussed in the context of peripheral induction of regulatory T cells, including IL-10, Nrp-1, and Foxp3. Conclusions: Enterocyte specific antigen expression is sufficient to trigger a specific CD4 + T cell response leading to mucosal infiltration. In our model, progression to overt clinical disease was counteracted most likely by induction of regulatory T cells.
T he intestinal immune system has to discriminate between harmless antigens derived from nutrients or bacterial flora on the one hand and harmful antigens derived from pathogens on the other hand. Therefore, induction and maintenance of mucosal tolerance is of indispensable importance to avoid inappropriate immune responses in the gut. 1 Central tolerance induction takes place in the thymus where clonal deletion of potentially autoreactive T cells occurs. 2 3 However, in a few cases, autoreactive T cells escape thymic deletion but these T cells are usually rendered anergic due to the absence of costimulatory signals on their target tissue in the periphery. 4 However, because of the huge variety of antigens and the large number of lymphoid cells in the intestine, minor dysfunctions of mucosal immune homeostasis may induce an intestinal immune response resulting in inflammation and chronic disease. 5 Additional tolerance mechanisms must exist to tightly control these inappropriate immune responses. It has been shown that maintenance of tolerance in the gut can be mediated by naturally occurring CD4 + CD25 + or CD4 + CD45RB low regulatory T cells which suppress uncontrolled immune responses, most likely towards luminal antigens. 6 This is achieved by secretion of regulatory cytokines such as interleukin (IL)-10 and transforming growth factor (TGF)-b. 7 Regulatory T cells suppress intestinal pathology mediated by T cells but until now it remains unclear how they elicit their effector function in vivo. 8 Both loss of integrity in the epithelial barrier or breakdown of peripheral tolerance may initiate inflammatory processes in the intestinal mucosa. 7 9 Furthermore, transfer of CD4 +
CD45RB
high T cells into T cell receptor (TCR)-b and d chain defective mice that are T cell deficient leads to atrophic changes and goblet cell transformation in the small intestinal epithelium. 10 Additional efforts to examine the tight balance between tolerance and inflammation in the intestine depend on the availability of better defined mouse models as complex interactions between gut associated lymphoid tissue (GALT), endogenous microbial flora, and potential pathogens on the one hand, and undefined specificities and low frequencies of endogenous T cells on the other hand hamper further progress.
In this study, our aim was to test the hypothesis that antigen specific CD4 + T cell recognition of a single epithelial self antigen is sufficient to trigger an inflammatory cascade, resulting in histological manifestation in the intestine, and investigate whether regulatory mechanisms may suppress Abbreviations: GALT, gut associated lymphoid tissue; HA, haemagglutinin; IBD, inflammatory bowel disease; IEC, intestinal epithelial cells; IEL, intraepithelial lymphocytes; IFN-c, interferon c; IL, interleukin; LPL, lamina propria lymphocytes; LT, lymphotoxin; MCP-1, monocyte chemoattractant protein 1; MLN, mesenteric lymph node; OVA, ovalbumin; PBS, phosphate buffered saline; PCR, polymerase chain reaction; RT, reverse transcription; TCR, T cell receptor; TGF, transforming growth factor; TNF, tumour necrosis factor inflammation and maintain homeostasis. Therefore, we generated VILLIN-HA transgenic mice expressing the A/PR8/34 haemagglutinin (HA) from influenza A under the control of the enterocyte specific VILLIN promoter in the intestine. [11] [12] [13] To establish an autoimmune environment, these mice were crossed with mice expressing a transgenic TCR specific for the MHC class II restricted peptide HA110-120. Moreover, immunological and molecular characterisation of autoreactive CD4 + T cells isolated from the periphery, lamina propria, and intestinal epithelium of double transgenic mice was performed by cellular assays and microarray analysis.
MATERIALS AND METHODS
Mice TCR-HA transgenic (6.5) mice expressing an a/b-TCR recognising the MHC class II (H-2E d :HA 110-120 ) restricted epitope of the HA protein have been described previously.
14 VILLIN-HA transgenic animals were generated using a construct containing the VILLIN promoter to direct expression of the influenza virus A/PR8/34 haemagglutinin to epithelial cells along the entire crypt-villus axis, 12 a 9 kb regulatory domain (construct kindly provided by Sylvie Robine, Institut Curie, Paris, France), and the complete HA sequence. VILLIN-HA transgenic mice were crossed under specific pathogen free conditions into the BALB/c background for at least six generations. Integration of the transgene was detected by polymerase chain reaction (PCR) analysis of genomic DNA using a villin promoter specific 59 primer and a HA specific 39 primer. Mice aged 8-24 weeks were used for histological analysis and 12-16 week old mice were used for cellular and molecular characterisation of 6.5 + CD4 + T cells.
Antibodies and flow cytometry
The monoclonal antibody 6.5 (a-TCR-HA) was purified from hybridoma supernatant. All other antibodies are from BD Bioscience (San Jose, California, USA). Two and three colour flow cytometry was performed on a FACSCalibur and analysed by CellQuestPro software (BD Bioscience). For gene expression profiling, 6.5
+

CD4
+ T cells were sorted with the MoFlow cells sorter (Cytomation, Fort Collins, Colorado, USA).
Expression analysis by RT-PCR
To analyse HA mRNA expression in different tissues of VILLIN-HA transgenic mice, total RNA was isolated using the TriFast FL reagent (PeqLab Biotechnology, Erlangen, Germany). Alternatively, RNA was isolated with the RNeasy Kit (Qiagen, Hilden, Germany) following the manufacturer's instructions. cDNA was synthesised using oligo-dT primers and MLV reverse transcription (RT) polymerase (Invitrogen, Karlsruhe, Germany). PCR was performed using HA internal 59 and 39primers.
Western blot analysis
For studying HA protein expression in intestinal epithelial cells, whole cell lysates were subjected to sodium dodecyl sulphate-polyacrylamide gel electrophoresis, followed by blotting on a nylon membrane and incubation with the HA specific antibody CMI1.2. A lysate of HA producing recombinant Escherichia coli was included as an internal control.
Histology
Organ sections were stained with haematoxylin and eosin (4 mm sections). Immunohistochemistry for T lymphocytes was performed by a-CD3 antibody clone CD3-12 (Serotec Ltd, Kidlington, UK) and the avidin-biotin complex method with diaminobenzidine as chromogen. Immunohistochemistry sections were counterstained with haematoxylin.
Preparation of lymphocyte populations
Intraepithelial lymphocytes (IEL) and lamina propria lymphocytes (LPL) were isolated as described previously. 15 For isolation of LPL, the small intestine was cut into small pieces followed by sequential stirring in medium to remove mucus and the epithelial layer. LPL were released by digestion at 37˚C with collagenase. Lymphocytes were collected by density centrifugation. For isolation of IEL, the gut was opened longitudinally and the mucosa was scraped off and then dissociated by stirring in medium and dithiothreitol (1 mM) at 37˚C. After centrifugation, the pellet was vortexed for three minutes in HANKS containing 10% fetal calf serum. The cell suspension was rapidly passed through a buffered glass wool column. Eluted cells were collected by centrifugation.
Isolation of intestinal epithelial cells (IEC)
IEC were isolated as described previously. 16 Briefly, the small intestine was isolated, rinsed with phosphate buffered saline (PBS) and opened longitudinally. Mucus was removed by treatment with 1 mM dithiothreitol for 15 minutes. After washing with PBS, the mucosa was placed in calcium and magnesium free Hanks' balanced salt solution containing 1.5 mM EDTA and tumbled for 10 minutes at 37˚C. The supernatant was collected, the remaining mucosa was vortexed in PBS, and this supernatant was also collected and pooled cells were washed with PBS. 
Proliferation assay
Cytometric bead array
Quantification of cytokines in culture supernatants was performed using the cytometric bead array kit (BD Bioscience). Data acquisition was performed by flow cytometry using a FACSCalibur. Acquired data were analysed using BD Bioscience Cytometric Bead Array software.
DNA microarrays and real time RT-PCR
Total RNA from sorted 6.5 + CD4 + T cells was isolated using the RNAeasy kit (Qiagen). Quality and integrity of total RNA isolated from 10 5 sorted T cells was assessed by running all samples on an Agilent Technologies 2100 Bioanalyser (Agilent Technologies, Waldbronn, Germany). Expression analysis was performed according to the Affymetrix small sample target protocol. Real time RT PCR for expression of IL-10, Nrp-1, and FoxP3 was performed as described previously. 18 
RESULTS
Generation of VILLIN-HA transgenic mice
In order to investigate the consequences of intestine specific antigen expression on the outcome of mucosal homeostasis, we generated transgenic mice expressing the HA from influenza virus A as model antigen under control of the enterocyte specific VILLIN promoter ( fig 1A) . 11 12 This promoter directs protein expression to undifferentiated and mature epithelial cells in the small intestine and colon. 
CD4
+ T cells from the spleen and MLN were used for in vitro proliferation assays in the presence or absence of 10 mg/ml of HA peptide. Proliferation was measured by 3 [H] thymidine incorporation.
Enterocyte specific CD4
+ T cells from VILLIN-HA6TCR-HA mice mature in the thymus and have an activated phenotype The prerequisite for the development of autoimmunity is inefficient thymic deletion of autoagressive T cells. Therefore, the key question to answer was whether 6.5 + CD4 + T cells mature in the thymus of VILLIN-HA6TCR-HA double transgenic mice and can be found in peripheral lymphoid organs. Thus T cells from spleen and MLN of VILLIN-HA6TCR-HA and TCR-HA control mice were analysed for expression of the transgenic TCR ( fig 3A) . Indeed, incomplete clonal deletion of HA specific CD4 + T cells results in maturation of potentially autoreactive T cells in the periphery of VILLIN-HA6TCR-HA mice. Analysis of peripheral 6.5 + CD4 + T cells from VILLIN-HA6TCR-HA mice for expression of activation and memory markers revealed an activated phenotype of these cells (fig 4) .
We next addressed whether mature 6.5 + CD4 + T cells in the periphery are functional with respect to their proliferative capacity on antigen encounter. This is of particular interest as we have previously shown that expression of HA under control of the Ig-k promoter by haematopoietic cells resulting in constant antigen expression both in thymus and in the periphery leads to tolerance rather than inflammation. 19 To this end, T cells from the spleen and MLN of VILLIN-HA6TCR-HA and TCR-HA control mice were stimulated in vitro with the specific HA peptide. FACS analysis and normalisation of cell numbers ensured that the same percentage of 6.5 + CD4 + T cells from double and single transgenic mice were used for the experiments. No differences in their capacity to proliferate on stimulation with their cognate peptide could be observed between T cells isolated from VILLIN-HA6TCR-HA and TCR-HA mice ( fig 3B) . 5A) . Comparing the absolute numbers of LPL and IEL in the ileum of VILLIN-HA6TCR-HA and TCR-HA mice revealed increased infiltration of lymphocytes into the lamina propria of double transgenic mice (threefold increase) whereas the IEL compartment showed only a slight infiltration of lymphocytes in VILLIN-HA6TCR-HA mice ( fig 5B) . However, tissue damage to the epithelial cell layer was not observed after BrdU staining (fig 6) , suggesting a mild form of mucosal inflammation or induction of T cell tolerance in the periphery.
Functional characterisation of intestinal autoreactive CD4
+ T cells To evaluate the responsiveness of 6.5 + CD4 + T cells isolated from the small intestine of double transgenic mice to antigenic stimulation, IEL and LPL from VILLIN-HA6TCR-HA as well as TCR-HA mice were stimulated in vitro with HA peptide. Proliferation was measured by 3 [H] thymidine incorporation and culture supernatants were analysed for several cytokines by cytometric bead array. Whereas IEL and LPL from TCR-HA mice as well as LPL from VILLIN-HA6TCR-HA transgenic mice proliferated in a dose dependent manner, the proliferative capacity was drastically reduced and even abrogated in IEL from VILLIN-HA6TCR-HA mice (fig 7) . Compared with control mice, antigen stimulated 6.5 +
CD4
+ LPL from diseased mice secreted significantly lower amounts of IFN-c and IL-2 on in vitro stimulation ( fig 8A) , both of which are cytokines normally involved in induction of gut inflammation. 20 Additionally, IEL from VILLIN-HA6TCR-HA mice secreted lower levels of IFN-c compared with control mice. In contrast, in LPL and IEL from double transgenic mice, basal level secretion of TNF-a, MCP-1, and IL-6, which are also discussed as important mediators in the context of inflammatory bowel disease (IBD), was considerably increased. 
+ T cells were isolated from the spleen and mesenteric lymph node (MLN) of VILLIN-HA6TCR-HA and TCR-HA mice, respectively. Lymphocytes were stained for 6.5 and CD4 expression on splenocytes (A) and MLN (B) as well as for CD25, CD45RB, CD62L, and CD69 antibodies. Cells were gated for 6.5 and CD4 expression and analysed regarding expression of the different activation markers by FACS.
Global gene expression profiling
As enterocyte specific antigen expression obviously has a strong impact on the function of autoreactive CD4 + T cells, we extensively characterised these T cells by global gene expression profiling. 6.5 + CD4 + T cells from the epithelium and lamina propria of the small intestine of four individual VILLIN-HA6TCR-HA and four TCR-HA mice were isolated by FACS sorting and RNA was subjected to differential gene expression analysis using Affymetrix MG-U74Av2 oligonucleotide arrays. The advantage of this technology is that every gene analysed is represented by 16 independent probe pairs which together establish the basis for statistical evaluations of the respective signals. Therefore, only those genes that are reproducibly regulated are included in the analysis. Based on this approach, we obtained a comprehensive overview of the functional gene classes involved in maintenance of mucosal immune homeostasis, including surface antigens, regulators of transcription and translation, secreted or signalling molecules, and genes involved in cell cycle, apoptosis, and survival. Selected genes are highlighted and summarised in table 1 and fig 9. As expected, many of the genes found to be regulated have been described previously in the context of intestinal inflammation. Some proinflammatory genes were specifically regulated in both LPL and IEL. In agreement with published data, integrin a E b 7 expression was upregulated in 6.5 + CD4 + LPL and IEL from inflamed tissue of VILLIN-HA6TCR-HA transgenic mice compared with cells from control mice. It has been shown that changes in a E b 7 expression in Crohn's disease and ulcerative colitis patients versus controls are of pathological relevance and that this may be one of the earliest events in the pathogenesis of this disease. 21 A wide variety of members of the TNF receptor superfamily were differentially expressed on LPL and IEL from double transgenic mice. Especially, Tnfrsf7 and Tnfrsf9 were upregulated on LPL and IEL from inflamed tissue. These molecules are known to be expressed in elevated numbers of peripheral lymphocytes in IBD. 22 23 LPL and IEL do not resemble a homogenous T cell population; each population has its own phenotype with specialised function. According to these characteristics, the gene expression profile of these cells may differ. Indeed, many genes were found to be exclusively regulated in LPL of VILLIN-HA6TCR-HA transgenic mice. Although a E b 7 was upregulated in both LPL and IEL, expression of various other integrins was significantly increased only in LPL from inflamed tissue. Integrins are involved in lymphocyte homing to the intestinal mucosa and it has been demonstrated that their expression is often enhanced on intestinal inflammation. [24] [25] [26] Besides genes exclusively regulated in LPL, many proinflammatory genes exist whose expression level is only changed in the IEL of double transgenic mice. One example is expression of the CD7 surface molecule. In line with published data which show that the frequency of CD7 + T cells is significantly increased in IBD, expression of CD7 in IEL of VILLIN-HA6TCR-HA mice was upregulated. In addition, the expression level of STAT3 was increased in IEL. STAT3 has been shown to be directly linked to secretion of IL-6 in IBD. 27 This is in accordance with the finding that LPL and IEL from VILLIN-HA6TCR-HA secrete higher amounts of IL-6 compared with control cells. Intestinal inflammation is often initiated by failure of mucosal lymphocytes to undergo preprogrammed cell death. 28 In agreement with this, expression of the antiapoptotic bcl2 gene family was significantly upregulated in IEL of the inflamed tissue. Many other genes were found to be significantly up-or downregulated in the inflamed intestine compared with healthy donors, such as CD83, PTGER4, or CCR7 and numerous others which have been discussed in the context of IBD. [29] [30] [31] [32] In addition to genes that are associated with intestinal inflammation, a large number of genes previously described as playing a role in immune regulation and induction of regulatory T cells in the intestine have also been identified. The major finding was that expression of IL-10 and IFN-c, both of which are mediators playing important roles in the regulation of progression of IBD, were significantly regulated in the IEL and LPL of diseased mice. IL-10 was highly upregulated in LPL and IEL from double transgenic mice compared with control mice. IL-10 has a major role in the regulatory network of cytokines controlling mucosal tolerance. Using a murine knockout model it has been shown that IL-10 prevents the development of intestinal inflammation. 33 Furthermore, application of IL-10 to diseased mice abrogated clinical signs or suppressed inflammation in the intestine. 34 In addition, IFN-c, which plays a key role in induction of IBD, was downregulated in mucosal lymphocytes of VILLIN-HA6TCR-HA transgenic mice. Recently, we described Nrp-1 as an activation independent marker exclusively expressed on regulatory T cells. 18 LPL and IEL from VILLIN-HA6TCR-HA double transgenic mice showed elevated expression of Nrp-1. Furthermore, expression of other proinflammatory cytokines such as LT-b and IL-17 in LPL from double transgenic mice was also downregulated. It has been shown that Tnfrsf18 is predominantly expressed on CD4 + CD25 + regulatory T cells. 35 This member of the TCR receptor superfamily was significantly upregulated in LPL of double transgenic mice. Also, IEL showed differential gene expression resembling induction of regulatory mechanisms to maintain homeostasis. Genes involved in IBD induction such as CCR7, IL-6ra, or ICAM were downregulated in IEL. The entire data set of this microarray experiment is accessible as MIAME format online (www.gbf.de/array).
Expression of IL-10, Nrp-1, and Foxp3 in intestinal lymphocytes
The data presented here strongly suggest that intestinal epithelial cell expression of HA antigen induces activation of HA specific T cells counteracted by induction of tolerance. To further confirm this hypothesis, IL-10 and Nrp-1 mRNA expression in 6.5 + CD4 + LPL was confirmed by real time RT-PCR. Our analysis revealed that Nrp-1 as well as IL-10 expression was significantly upregulated in LPL of VILLIN-HA6TCR-HA double transgenic mice following the expression pattern of naturally occurring CD4 + CD25 + regulatory T cells (fig 10) . Recently, the transcription factor Foxp3 has been identified as being essential for the development and function of regulatory T cells. 36 Similar to Nrp-1, Foxp3 expression was also found to be upregulated in LPL from double transgenic mice suggesting that chronic antigen stimulation in VILLIN-HA6TCR-HA is controlled by regulatory T cells (fig 10) .
DISCUSSION
Despite the fact that T cells with an autoaggressive character are involved in the development of intestinal inflammation, it has been difficult to identify self proteins that may play a role in the aetiology or chronicity of IBD and to asses the impact of antigen specificity. An important aim of this study was to test the hypothesis that antigen specific CD4 + T cell recognition of a single epithelial self antigen is sufficient to trigger an inflammatory cascade in the intestine and to investigate whether regulatory mechanisms may suppress inflammation and maintain homeostasis. Therefore, a transgenic mouse expressing HA in enterocytes of the intestinal epithelium was generated. Concomitant expression of HA and a MHC class II restricted T cell receptor specific for HA in VILLIN-HA6TCR-HA mice is sufficient to induce a specific CD4 T cell response leading to infiltration of lymphocytes into the mucosa.
Autoimmune diseases are believed to be under complex genetic regulation but all require some form of escape from self tolerance. In VILLIN-HA6TCR-HA double transgenic mice, 6.5
+ transgenic T cells could be detected in the peripheral lymphatic organs (fig 2A) . This finding was not unexpected as it has been described previously that expression of the HA antigen in pancreas 37 38 or in haematopoetic cells 39 and concomitant expression of the MHC class II restricted TCR specific for HA does not lead to complete deletion of 6.5 + T cells. A possible explanation for the escape from central tolerance might involve coexpression of two different TCR by the same cell. Due to allelic inclusion of TCR-a genes, self reactive T cells may leave the thymus leading to autoimmunity. 38 To exclude the fact that T cells were rendered in an activated, but anergic state, we compared the proliferative capacity of 6.5 +
CD4
+ T cells recovered from spleen and MLN ( fig 2B) . As no differences in 3 [H] thymidine incorporation were observed, we postulated that 6.5
+ CD4 + T cells should be functional in vivo.
In the recently published GFAP-HA6CL4-TCR model, mice died within a few days after birth, caused by a hyper acute jejuno-ileo-colitis mediated by transgenic CD8 + T cells that recognise enteric glia. 40 Based on pathological observations in VILLIN-HA6TCR-HA transgenic mice demonstrating some features of inflammation (that is, expression of proinflammatory mediators) accompanied by marked infiltration of CD3 lymphocytes in the LPL and IEL compartment, we concluded that our model mimics the chronic state of socalled physiological inflammation in which the gut is poised for, but actively restrained from, full immunological responses. During the course of infections in the normal host, full activation of GALT occurs but is rapidly superseded by downregulation of the immune response. Apparently, the immunological balance in our model stands on the edge. On the one hand, activation and infiltration of lymphocytes in the intestine occurs, but on the other hand, regulatory mechanisms seem to counteract uncontrolled progression of intestinal inflammation. In IBD this process is not regulated normally.
When mucosal lymphocytes are stimulated via the TCR they normally respond only poorly and activation seems to be dependent on CD2/CD28 stimulation to result in proliferation and cytokine secretion. 41 42 Interestingly, IEL and LPL from TCR-HA mice as well as LPL from VILLIN-HA6TCR-HA transgenic mice proliferate in an antigen dose dependent manner. In contrast, the antigen specific capacity of IEL from double transgenic mice to proliferate was abrogated with a high background proliferation even without antigenic stimulation (fig 7) . In general, the cytokine profile in IBD shows some characteristic differences depending on the type of disease. Crohn's disease is associated with a Th1 cytokine pattern, characterised by IFN-c, TNF-a, and IL-12 secretion. 20 43 In ulcerative colitis, the cytokine profile is less restricted and appears to be a modified Th2 response. 20 In the VILLIN-HA6TCR-HA transgenic mouse model, antigen stimulated 6.5 +
+ LPL and IEL secreted lower amounts of IFN-c and IL-2 on in vitro stimulation compared with control mice (fig 8) . These data suggested suppression of proinflammatory mediators in the intestine of double transgenic mice. However, basal level secretion of TNF-a, MCP-1, and IL-6, which are all important mediators in induction of IBD, was considerably increased in LPL and IEL from double transgenic mice (fig 8) . These unusual cytokine patterns may denote a steady state between regulatory and pathological mechanisms being active in the intestine. To consider this hypothesis in more detail, global gene expression analysis of HA specific LPL and IEL from the intestine of VILLIN-HA6TCR-HA or from TCR-HA control mice was performed.
Infiltration of the mucosa in VILLIN-HA6TCR-HA transgenic mice was accompanied by broad changes in the gene expression pattern of autoreactive LPL and IEL. The profiling revealed differential expression of proinflammatory genes, as well as a remarkable set of genes discussed in the context of immune regulation. Different types of regulatory T cells, Th3 cells, CD4 + CD25 + or CD4 + CD45RB low T cells, or CD8
+ suppressor T cells [44] [45] [46] [47] have been described as being responsible for controlling intestinal inflammation. These regulatory cells induce immunosuppression in surrounding T cells, most likely by secretion of regulatory cytokines such as IL-10 or TGF-b, and inhibit inappropriate immune responses towards harmless mucosal antigens. 48 49 Quantitative real time RT-PCR clearly demonstrated upregulation of IL-10 in LPL from VILLIN-HA6TCR-HA mice. Moreover, increased expression of the marker genes for regulatory T cells Nrp-1 18 and Foxp3 36 in LPL from double transgenic mice supports the idea that chronic mucosal antigen exposure may lead to the development of regulatory T cells in vivo. Further studies will clarify the role of regulatory T cells in the downregulation of mucosal inflammation in the VILLIN-HA6TCR-HA transgenic mouse model. Our genome wide transcriptome of mucosal lymphocytes from inflamed and normal tissue provides a focused starting point for the further elucidation of genetic and mechanistic aspects of intestinal inflammation and immune regulation (all data will be freely accessible at www.gbf.de/array).
